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[57] ABSTRACT 

A semiconductor device comprising at least two thin ?lm 
transistors on a substrate having an insulating surface 
thereon, provided that the thin ?lm transistors are isolated by 
oxidizing the outer periphery of the active layer of each of 
the thin ?lm transistors to the bottom to provide an oxide 
insulating ?lm. 

14 Claims, 6 Drawing Sheets 
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SEMICONDUCTOR DEVICE AND PROCESS 
FOR FABRICATING THE SAME 

This is a Divisional application of Ser. No. 08/287,259, 
?led Aug. 8, 1994. Now U.S. Pat. No. 5,569,935 issued Oct. 
29, 1996. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a structure of a semicon 

ductor integrated circuit comprising at least two thin ?hn 
transistors (abbreviated hereinafter as ‘"I'FI‘s”) on a same 
substrate, and to a process for fabricating the same. The 
semiconductor integrated circuit according to the present 
invention is utilized, for example, in active matrices of 
liquid crystal displays. 

2. Prior Art 
Prior art TFI‘s have been fabricated heretofore by pat 

terning a thin ?lm semiconductor region (active layer) into 
an island-like shape to isolate the region from other TFI‘s, 
depositing an insulating ?lm as a gate dielectric on the 
region by CVD or sputtering, and then forming thereon a 
gate electrode. 

FIG. 2 shows the process for fabricating a semiconductor 
integrated circuit comprising a TFI‘ according to a prior art 
process. Referring to FIG. 2, a base ?lm 22 and a silicon ?lm 
23 are formed on a substrate 21. Then, ?lms 24a and 2412 
made of a material such as a photoresist are formed selec 
tively on the silicon ?lm 23. A thin ?lm of silicon oxide or 
silicon nitride can be formed between the silicon ?lm 23 and 
the ?lms 24a and 24b to prevent the silicon ?lm from being 
polluted (FIG. 2 (A)). 
The silicon ?lm 23 is etched thereafter to form island-like 

silicon regions (active layers) 25:: and 2512 using the ?lms 
24a and 24b as the masks, however, the base layer 22 is 
etched partially at the same time. Thus, the step height 
increases by the over-etched portion x in addition to the 
thickness of the silicon ?lm (FIG. 2 (B)). 

Then. an insulating ?lm 26 which functions as a gate 
dielectric is fonned over the entire surface to form a gate 
electrode with lines 2711, 27p. and 270. Line disconnection 
may occur in case the active layer is provided with too large 
a step height. 

After forming the gate electrode, impurities are intro 
duced by means of, for example, ion doping or ion implan 
tation. The resulting structure thus obtained is subjected to 
activation treatment by, for example, thermal annealing, 
laser annealing, or lamp annealing to form impurity regions 
28n (n-type) and 28p (p-type). 

Subsequently, an interlayer insulator 29 is deposited to 
form contact holes therethrough, and electrodes 30a, 30b, 
and 300 are formed in the impurity regions of the TFI‘. 

In the prior art processes, however, the overetching of the 
base ?lm has been found a problem. The presence of a step 
due to the overetching causes disconnection on the gate 
electrode to considerably impair the product yield. A step 
with a further increased step height produces in particular 
when a ?lm having a high etching rate is used as the base 
?lm. Accordingly, though the use of a ?lm deposited by 
plasma CVD or APCVD is preferred as the base ?lm from 
the mass productivity point of view, these types of ?lms are 
not preferred from the aforementioned problem of high 
etching rate. Thus, an object of the present invention is to 
review the problems in the prior art process for element 
isolation, and to provide a TPT of high product yield and a 
process for fabricating the same. 
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2 
SUMMARY OF THE INVENTION 

The present invention comprises electrically isolating the 
elements (e. g. the transistors) from each other not by, cutting 
the silicon ?lm but by selectively and thermally oxidizing 
the silicon ?lm in the temperature range of from 500° to 
650° C. The silicon film to be oxidized may be either an 
amorphous ?lm or a crystalline ?lm. The silicon ?lm is 
provided at a thickness of from 100 to 1,500 A, and more 
preferably, at a thickness of 500 A or less. A glass substrate 
having a thermal deformation point (strain point) of 750° C. 
or lower, which is represented by a Coming 7059 glass (an 
alkali-free borosilicate glass), is used as the substrate. 
What is to be noted here is that a non-single crystal 

silicon, for example, an amorphous or a polycrystalline 
silicon, yields a thermal oxidation rate which is about twice 
as large as that of a single crystal silicon. In the present 
invention, furthermore, from 0.1 to 100% of water is added 
into the atmosphere to increase the oxidation rate. The 
addition of water increases the oxidation rate by about 10 
times as compared with that in a dry atmosphere. FIG. 5 
shows the relation between the thickness of silicon oxide 
obtained by the oxidation process (under a water vapor 
partial pressure of 100%) according to the present invention 
and the duration of process. The ?gure reads that the silicon 
?lm according to the present invention can be entirely 
oxidized at a temperature as low as in the range of from 550° 
to 600° C. 
The oxidation reaction can be furthermore accelerated by 

effecting the oxidation while applying a pressure in the range 
of from 1 to 15 atm. For instance, an oxidation rate 10 times 
the rate of oxidation under a pressure of 1 atrn can be 
obtained under a pressure as high as 10 arm. The tempera 
ture of oxidation can be also lowered. The change in 
oxidation rate under a pressure of 4 atm is also shown in 
FIG. 5. The quantity of water vapor can be stabilized by 
performing the so-called pyrogenic oxidation process. This 
process comprises generating water vapor by the combus 
tion of pure hydrogen. The concentration of water vapor in 
the atmosphere can be determined by controlling the ?ow 
rate of hydrogen. 
The silicon ?lm can be selectively oxidized by selectively 

forming on the silicon ?lm a mask ?lm comprising a silicon 
nitride layer or multilayered structure comprising a silicon 
oxide layer and a silicon nitride layer provided on the silicon 
oxide layer, and exposing the silicon ?lm to a thermally 
oxidizing atmosphere using the mask ?lm. No oxidation 
reaction proceeds on the surface thus covered with the mask 

Thus, as mentioned in the foregoing, the process accord 
ing to the present invention comprises forming the oxide by 
thermal oxidation. Accordingly, no steps as those generated 
during the etching of conventional silicon ?lms are found to 
form during the process according to the present invention. 
Thus, disconnection of gate electrodes is prevented from 
occurring, and the yield is therefore increased In particular, 
the process’according to the present invention is ahnost free 
from the in?uence of the base ?lm. Accordingly, the total 
mass production can be improved without being limited by 
the ?lm deposition process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1(A) to 1(E) show the step-sequential schemati 
cally drawn views for the structures obtained during fabri 
cation of aTFI‘ according to Example 1 of the process of the 
present invention; 

FIGS. 2(A) to 2(D) show the step-sequential schemati 
cally drawn views of the structures obtained during fabri 
cation of a TF1‘ according to a prior art process; 
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FIGS. 3(A) to 3(E) show the step-sequential schemati 
cally drawn views for the structures obtained during fabri 
cation of a TFI‘ according to Example 2 of the process of the 
present invention; 

FIGS. 4(A) to 4(E) show the step-sequential schemati 
cally drawn views for the structures obtained during fabri 
cation of a TFT according to Example 3 of the process of the 
present invention; 

FIG. 5 is a graph showing the progress of thermal 
oxidation on a polycrystalline silicon ?lm at a low tempera 
ture of 600° C. or lower under the presence of water vapor; 
and 

FIGS. 6(A) to 6(E) show the step-sequential schemati 
cally drawn views for the structures obtained during fabri 
cation of a TFI‘ according to Example 4 of the process of the 
present invention. 

EXAMPLE 1 

Referring to FIGS. 1(A) to 1(E). the process according to 
the present Example is described below. FIGS. 1(A) to 1(D) 
show the cross section structures, and FIG. 1(E) shows the 
top view. 
A Coming 7059 glass substrate 10 was heated to a 

temperature range higher than the deformation point thereof. 
Thus. the substrate was annealed in the temperature range of 
from 600° to 660° C.. e.g.. at 640° C.. for a duration of from 
1 to 4 hours. e.g.. for 1 hour, and was gradually cooled at a 
rate of from 01° to 05° C./min. for example. at a rate of 02° 
C./min. The substrate was taken out from the heating cham 
ber in the temperature range of from 450° to 590° C.. more 
speci?cally. at 550° C. The substrate is preferably taken out 
at a temperature not higher than the maximum temperature 
of the subsequent heat treatment steps. This heat treatment 
suppresses irreversible shrinking from occurring on the 
substrate in the later heat treatment steps. 
The substrate 10 thus subjected to the treatment above 

was cleaned. and a 2,000 A thick silicon oxide ?lm was 
deposited as a base ?lm 11 by means of sputtering. An 
intrinsic (I-type) amorphous silicon ?lm (intrinsic non 
single crystal silicon ?lm) 12 was deposited on the substrate 
at a thickness of from 300 to 1.000 A. for example. at a 
thickness of 500 A, by eifecting plasma CVD. A silicon 
nitride ?lm from 500 to 2.000 A in thickness; for instance at 
a thickness of 1.000 A. was deposited continuously. The 
silicon nitride ?lm thus obtained only was selectively etched 
to form mask ?lms 13a and 13b (FIG. 1(A)). 
The silicon ?lm was then annealed at 600° C. for a 

duration of 48 hours under a nitrogen gas atmosphere of 1 
AIM to crystallize the silicon ?lm. The crystallized silicon 
?lm was then allowed to stand in an oxygen atmosphere 
(oxidizing atmosphere) containing 10% water vapor under a 
pressure of 1 atm while maintaining the temperature in the 
range of from 550° to 650° C.. representatively. at 600° C.. 
for a duration of from 3 to 5 hours. Thus, the region of the 
silicon ?lm not covered by the mask ?lm was completely 
oxidized to the bottom to form silicon oxide regions 14a to 
140. The pressure of the water vapor was controlled by 
pyrogenic oxidation. As a result, the silicon ?lm was sepa 
rated into regions 15a and 15b (FIG. 1(B)). 
The masks 13a and 1312 were removed thereafter. and a 

1.200 A thick silicon oxide insulating ?lm 16 was deposited 
on the silicon ?lm by plasma CVD to provide a gate 
dielectric (gate insulating ?lm) using tetraethoxysilane (Si 
(OC2H5)4; TEOS) and oxygen as the starting materials. 
Subsequently. a silicon ?lm containing from 0.01 to 0.2% 
phosphorus was deposited by means of LPCVD at a thick 
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4 
ness of from about 3.000 to 8.000 A. for example. at a 
thickness of 6.000 A. The silicon ?lm was patterned to form 
gate electrodes 17n. 17p. and 17c on the gate insulating ?lm. 

Impurities for imparting the region either P- or 
N-conductive were introduced in a self-aligned manner by 
means of ion doping process (plasma doping process) into 
the isolated silicon regions constituting the source/drain and 
the channel using the gate electrodes as the mask. Phosphine 
(PH3) and diborane (BZHG) were used as the doping gas. The 
dose was from 1><1015 to 8><1O1S cm“2. Thus. in case 
phosphine was used. phosphorus was introduced at a dose 
of, more speci?cally. 2><1015 cm'2. while applying an accel 
erating voltage of from 60 to 90 kV. for example. a voltage 
of 80 kV. In case diborane was used, boron was introduced 
at a dose of 5><l015 cm-2 while applying an accelerating 
voltage of from 40 to 80 kV. for instance. a voltage of 65 kV. 
The regions were each selectively doped with the element by 
covering the other region with a photoresist Thus were 
obtained an N-type impurity region 18n and a P-type impu 
rity region 18p to form a region for a P-channel TFI‘ (P'I‘FI‘) 
and region for an N-channel TFI‘ (NTFI‘). The outer periph 
ery of the active layer of each of the PI‘FI‘ and the NTFI‘ is 
oxidized to the bottom as described above. 

The region was then annealed by irradiating a laser beam. 
A KrF excimer laser operating at a wavelength of 248 nm 
and at a pulse width of 20 nsec was used in the present 
invention. However. the type of the laser is not only limited 
thereto. and any other type of laser can be used as well. The 
laser beam was irradiated from 2 to 10 shots per site. for 
example. 2 shots per site. at an energy density of from 200 
to 400 mllcmz, for instance, at 250 mJ/cm2. The eifect of 
laser annealing can be further enhanced by heating the 
substrate in the temperature range of from about 200° to 
450° C. (FIG. 1(C)). 
A 6.000 A thick silicon oxide ?lm 19 was deposited by 

plasma CVD process thereafter as an interlayer dielectric. 
The interlayer dielectric may be made from a polyirnide ?lm 
or a double-layered ?lm of silicon oxide and polyimide. 
Contact holes were formed thereafter to establish electrodes 
with wiring 20a. 20b. and 200 for the TFI‘ using a metallic 
material. for example. a multilayered ?lm of titanium nitride 
and aluminum. A semiconductor circuit comprising the TFI‘s 
in a complementary arrangement was obtained by ?nally 
annealing the structure at a temperature of 350° C. for a 
duration of 30 minutes under a hydrogen gas atmosphere at 
a pressure of 1 atm (FIG. 1(D)). 
The plan view of the structure shown with a cross section 

structure in FIG. 1(C) is given in FIG. 1(E). The cross 
section structures seen along the dot-and-dash line in FIG. 
1(E) are given in FIGS. 1(A) to 1(D). 

EXAMPLE 2 

FIGS. 3(A) to 3(E) show the process for fabricating a TF1‘ 
according to the present Example. 
A Coming 7059 glass substrate 31 having a deformation 

point of 593° C. was heated to a temperature range higher 
than the deformation point thereof. Thus. the substrate was 
annealed in the temperature range of from 600° to 660° C.. 
e.g.. at 640° C.. for a duration of from 1 to 4 hours. e.g.. for 
1 hour, and was gradually cooled at a rate of from 01° to 
05° C./min, for example. at a rate of 02° C./min. The 
substrate was taken out from the heating chamber in the 
temperature range of from 45 0° to 590° C.. more 
speci?cally, at 550° C. 
The substrate 31 thus subjected to the treatment above 

was cleaned. and a 2.000 A thick silicon oxide ?lm was 
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deposited as a base ?lm 32 by means of sputtering. An 
intrinsic (I-type) amorphous silicon ?lm 33 was deposited at 
a thickness of from 300 to 1.000 A, for example, at a 
thickness of 1,000 A. by e?ecting plasma CVD. A silicon 
nitride ?lm from 500 to 2,000 A in thickness, for instance, 
at a thickness of 1,000 A, was deposited continuously. The 
silicon nitride ?lm thus obtained only was selectively etched 
to form mask ?lms 34a and 34b (FIG. 3(A)). 
The silicon ?lm was then annealed at 600° C. for a 

duration of 48 hours under a nitrogen gas atmosphere of 1 
arm to crystallize the silicon ?lm. The crystallized silicon 
?lm was then allowed to stand in a 100% by volume water 
vapor atmosphere under a pressure of 10 atrn while main 
taining the temperature in the range of from 5000 to 600° C., 
representatively, at 550° C., for a duration of from 3 to 5 
hours. Thus, the region of the silicon ?lm not covered by the 
mask ?lm was completely oxidized to the bottom to form 
silicon oxide regions 35a to 350. The silicon region was 
divided in this manner into regions 36a and 36b (FIG. 3(B)). 
The masks 34a and 34b were removed thereafter, and the 

surface was globally oxidized again by exposing the result 
ing structure to an atmosphere containing 100% water vapor 
for a duration of from 3 to 5 hours at a temperature of from 
500° to 600° C, representatively, at 550° C. The surface of 
the silicon regions 36a and 36b was oxidized in this step to 
form about 1,000 A thick oxide ?lms 37a and 37b. The 
thickness of the silicon region was found to be about 500 A 
after this step. The substrate was then left under a nitrous 
oxide (N 20) atmosphere at 600° C. after the oxidation step 
to provide thermally oxidized ?lms 37a and 37b as the gate 
dielectric (FIG. 3(C)). 
A silicon ?lm containing from 0.01 to 0.2% phosphorus 

was deposited at a thickness of from 3,000 to 8,000 A, for 
example, at a thickness of 6,000 A, by LPCVD. The silicon 
?lm was patterned to form gate electrodes 3811, 38p, and 38a. 

Impurities for imparting the region either P- or 
N-conductive were introduced in a self-aligned manner by 
means of ion doping process (plasma doping process) into 
the isolated silicon regions constituting the source/drain and 
the channel using the gate electrodes as the mask. Phosphine 
(PH3) and diborane (B2H6) were used as the doping gas. The 
dose was from 1><1015 to 8X1015 cm‘? Thus, in case 
phosphine was used, phosphorus was introduced at a dose 
of, more speci?cally, 2X10“ cm_2, while applying an accel 
erating voltage of from 60 to 90 kV, for example, a voltage 
of 80 kV. In case diborane was used, boron was introduced 
at a dose of 5><1015 cm-2 while applying an accelerating 
voltage of from 40 to 80 kV, for instance, a voltage of 65 kV. 
The regions were each selectively doped with the element by 
covering the other region with a photoresist Thus were 
obtained an N-type impurity region 39n and a P-type impu 
rity region 39p to form a region for a P-channel TF1" (PI'FI‘) 
and a region for an N-channel TFI‘ (NTFI‘). 
The regions were then annealed by irradiating a laser 

beam. A KrF excirner laser operating at a wavelength of 248 
nm and at a pulse width of 20 nsec was used in the present 
invention. However, the type of the laser is not only limited 
thereto, and any other type of laser can be used as well. The 
laser beam was irradiated from 2 to 10 shots per site, for 
example. 2 shots per site. at an energy density of from 200 
to 400 mJ/cm2, for instance, at 250 mJ/cm2. The effect of 
laser annealing can be further enhanced by heating the 
substrate in the temperature range of from about 200° to 
450° C. (FIG. 3(D)). 
A 6.000 A thick silicon oxide ?lm 40 was deposited by 

plasma CVD process thereafter as an interlayer dielectric. 
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6 
The interlayer dielectric may be made from a polyirnide ?lm 
or a double-layered ?lm of silicon oxide and polyirnide. 
Contact holes were formed thereafter to establish electrodes 
with wiring 41a, 41b, and 410 for the TFI‘ using a metallic 
material. for example, a multilayered ?lm of titanium nitride 
and aluminum. A semiconductor circuit comprising the TFI‘s 
in a complementary arrangement was obtained by ?nally 
annealing the structure at a temperature of 350° C. for a 
duration of 30 minutes under a hydrogen gas atmosphere at 
a pressure of 1 atm (FIG. 3(E)). 

EXAMPLE 3 

FIGS. 4(A) to 4(E) show the process for fabricating a TF1" 
according to the present Example. 
A Coming 7059 glass substrate 42 having a deformation 

point of 593° C. was heated to a temperature range higher 
than the deformation point thereof. Thus, the substrate was 
annealed in the temperature range of from 600° to 660° C., 
eg. at 640° C., for a duration of from 1 to 4 hours, e.g., for 
1 hour, and was gradually cooled at a rate of from 01° to 
05° C./min, for example, at a rate of 02° C./min. The 
substrate was taken out from the heating chamber in the 
temperature range of from 45 0° to 590° C., more 
speci?cally, at 550° C. The substrate 42 thus subjected to the 
treatment above was cleaned, and a 2,000 A thick silicon 
oxide ?lm was deposited as a base ?lm 43 by means of 
plasma CVD using TEOS as the starting material. An 
intrinsic (I-type) amorphous silicon ?lm (intrinsic non 
single crystal silicon ?lm) 44 was deposited at a thickness of 
from 100 to 1,000 A, for example, at a thickness of 300 A, 
by eifecting plasma CV D. A silicon oxide ?lm 45 having a 
thickness of 1,000 521 and a silicon nitride ?lm 46 having 
a thickness of 1,000 A were deposited continuously. The 
layers thus obtained were patterned to form a mask. 
A thin nickel ?lm from 5 to 20 A in thickness, for 

example, 10 A in thickness, was formed by sputtering. 
Because this ?lm is extremely thin, it may not be said a ?lm 
in the strict sense. Thus, the ?lm thickness is an average 
value. Preferably, the substrate, is heated in the range of 
from 150° to 300° C. during the ?lm deposition. The nickel 
introduced during this step exerts a catalytic effect on the 
crystallization of the amorphous silicon layer (FIG. 4(A)). 
The amorphous silicon layer was thermally annealed 

thereafter at 600° C. for 4 hours in a nitrogen atmosphere 
under a pressure of 1 atrn. The nickel ?lm was found to 
undergo crystal growth from the selective region on which 
it was deposited to the region covered with the mask ?lm 
along the transverse direction (i.e., the direction in parallel 
with the substrate). As a result, the amorphous silicon ?lm 
was crystallized to form a crystalline silicon ?lm 48 (FIG. 
4(E)). 
The crystallized silicon ?lm was then allowed to stand in 

a 100% by volume water vapor atmosphere under a pressure 
of 10 atm while maintaining the temperature in the range of 
from 500° to 600° C., representatively, at 550° C., for a 
duration of 1 hour. Thus, the region of the silicon ?lm not 
covered by the mask ?lm was completely oxidized to the 
bottom to form silicon oxide regions 49a and 49b in contact 
with the side (side plane) of the active layer of the TFI‘ (FIG. 
4(0) 
A silicon oxide ?lm 51 was deposited at a thickness of 

1,200 A by plasma CVD to provide a gate dielectric. 
Subsequently, an aluminum ?lm containing from 0.01 to 
0.2% of scandium was deposited by sputtering to a thickness 
of from 6.000 to 8,000 A, speci?cally at 6,000 A. and was 
patterned to form gate electrodes. The surface of the gate 
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electrodes was covered with an anodic oxide layer by 
anodically oxidizing the surface thereof. The anodic oxida 
tion was effected in an ethylene glycol solution containing 
from 1 to 5% tartaric acid. The oxide layer thus obtained was 
2,000 A in thickness. Since the oxide layer can be formed to 
such a thickness capable of forming an o?set gate region, the 
length of the offset gate region can be determined by the 
anodic oxidation step. Thus were obtained the gate electrode 
portion 52n, 52p. and 520 inclusive of gate electrode and the 
peripheral anodic oxide layer. 

Impurities for rendering the crystalline silicon region 50 
either N-type or P-type conductive were introduced in a 
self-aligned manner by ion doping using the gate electrode 
portion as the mask. Phosphine (PH3) and diborane (B2H6) 
were used as the doping gas. The dose was from 1X1015 to 
8><l015 cm‘z. Thus, in case phosphine was used, phosphorus 
was introduced at a dose of, more speci?cally, 2x1015 cm'2, 
while applying an accelerating voltage of from 60 to 90 kV. 
for example, a voltage of 80 kV. In case diborane was used, 
boron was introduced at a dose of 5><l015 cm‘2 while 
applying an accelerating voltage of from 40 to 80 kV, for 
instance, a voltage of 65 kV. The regions were each selec 
tively doped with the element by covering the other region 
with a photoresist Thus were obtained an N-type impurity 
region 53n and a P-type impurity region 53p to form a region 
for a P-channel TFI‘ (PTFI‘) and a region for an N-channel 
TFT (NTFI‘). 
The regions were'then annealed by irradiating a laser 

beam. A KrF excirner laser operating at a wavelength of 248 
nm and at a pulse width of 20 nsec was used in the present 
invention. However. the type of the laser is not only limited 
thereto and any other type of laser can be used as well. The 
laser beam was irradiated from 2 to 10 shots per site, for 
example. 2 shots per site, at an energy density of from 200 
to 400 mJ/cm2, for instance, at 250 mJ/cm2. The effect of 
laser annealing can be further enhanced by heating the 
substrate in the temperature range of from about 200° to 
450° C. As mentioned in the foregoing, the gate electrode is 
offset by a length y corresponding to the thickness of the 
anodic oxide layer from the impurity region (FIG. 4(D)). 
A 6,000 A thick silicon oxide ?lm 54 was deposited by 

plasma CVD process thereafter as an interlayer dielectric. 
Contact holes were formed thereafter to establish electrodes 
with wiring 55a, 55b, and 550 for the TFT using a metallic 
material, for example, a multilayered ?hn of titanium nitride 
and aluminum. A semiconductor circuit comprising the TFI‘s 
in a complementary arrangement was obtained by ?nally 
annealing the structure at a temperature of 350° C. for a 
duration of 30 minutes under a hydrogen gas atmosphere at 
a pressure of l atrn (FIG. 4(E)). 

EXAMPLE 4 

FIGS. 6(A) to 6(E) show the process for fabricating a 
TFT-type active matrix circuit for use in liquid crystal 
displays according to the present Example. 
A Coming 7059 glass substrate 56 having an insulating 

surface and a deformation point of 593° C. was heated to a 
temperature range higher than the deformation point thereof. 
Thus, the substrate was annealed in the temperature range of 
from 600° to 660° C., e.g., at 640° C., for a duration of from 
1 to 4 hours, e.g.. for 1 hour, and was gradually cooled at a 
rate of from 01° to 0.5° C./min. for example, at a rate of 02° 
C./min. The substrate was taken out from the heating cham 
ber in the temperature range of from 450° to 590° C., more 
speci?cally. at 550° C. The substrate 56 thus subjected to the 
treatment above was cleaned. and a 2,000 A thick silicon 
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8 
oxide ?lm was deposited as a base ?lm 57 by means of 
plasma CVD using TEOS as the starting material. An 
intrinsic (I-type) amorphous silicon ?lm (intrinsic non 
single crystal silicon ?lm) 58 was deposited by plasma CVD 
at a thickness of frpm 100 to 1,000 A, for example. at a 
thickness of 800 A. A silicon oxide ?lm 59 having a 
thickness of 1,000 Aoand a silicon nitride ?lm 60 having a 
thickness of 1.000 A were deposited continuously. The 
lawyers thus obtained were patterned to form a mask. 
A thin nickel ?lm ?'om 5 to 20 A in thickness, for 

example, 10 A in thickness, was formed by sputtering. 
Because this ?lm is extremely thin. it may not be said a ?lm 
in a strict sense. Thus, the ?lm thickness in this case is an 
average value. Preferably, the substrate is heated in the range 
of from 150° to 300° C. during the ?lm deposition. The 
nickel introduced during this step exerts a catalytic effect on 
the crystallization of the amorphous silicon layer. Boron 
ions were introduced thereafter into the silicon ?lm 58 at a 
dose of from 2><1013 to 5X10“ cm_2. for example, at a dose 
of 5><1015 cm-2 using the mask ?lm 60 as a mask. The boron 
ions prevents current leak from occurring due to the forma 
tion of an N-type layer on the boundary of the silicon oxide. 
That is, the boron ions function as the so-called channel 
stoppers which more clearly isolate the TFI‘s (FIG. 6(A)). 
The amorphous silicon layer was thermally annealed 

thereafter at 600° C. for 4 hours in a nitrogen atmosphere 
under a pressure of l atrn. The nickel ?lm was found to 
undergo crystal growth from the selective region on which 
it was deposited to the region covered with the mask ?lm 
along the transverse direction (i.e., the direction in parallel 
with the substrate). After the crystallization, the silicon layer 
was etched using the mask ?lm 60 as the mask to reduce the 
thickness thereof to a half of the initial, i.e., from 800 A to 
400 A (FIG. 6(E)). 
The crystallized silicon ?lm was then allowed to stand in 

an oxygen atmosphere containing 10% water vapor under a 
pressure of 10 atrn while maintaining the temperature in the 
range of from 500° to 600° C., representatively, at 550° C., 
for a duration of 3 hours. Thus, the region of the thin silicon 
?lm not covered by the mask ?lm was completely oxidized 
from a surface thereof through the mask ?lm to form silicon 
oxide regions 63a and 63b. The pressure of the water vapor 
was controlled by pyrogenic oxidation. As a result, the 
silicon ?lm was converted into a silicon oxide layer having 
a thickness about twice that of the initial silicon layer. In this 
manner. a silicon oxide region 63 was formed at the same 
height as those of the region 64 remaining as silicon in the 
periphery thereof (FIG. 6(C)). 
A silicon oxide ?lm 65 was deposited at a thickness of 

1,200 A by plasma CVD to provide a gate dielectric. 
Subsequently, an aluminum ?lm containing from 0.01 to 
0.2% of scandium was deposited by sputtering to a thickness 
of from 6.000 to 8.000 A. speci?cally at 6,000 A, and was 
patterned to form a gate electrode. The surface of the 
aluminum gate electrode was covered with an anodic oxide 
layer by anodically oxidizing the surface thereof. The anodic 
oxidation was effected in an ethylene glycol solution con 
taining from 1 to 5% tartaric acid. The oxide layer thus 
obtained was 2.000 A in thickness. Since the oxide layer can 
be formed to such a thickness capable of forming an offset 
gate region. the length of the offset gate region can be 
determined by the anodic oxidation step. Thus was obtained 
a gate electrode portion 66 inclusive of gate electrode and 
the peripheral anodic oxide layer. Since the silicon region 64 
and the silicon oxide region 63 were formed at approxi 
mately the same height, no failures such as disconnection 
were found to occur on the gate electrode. 
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Impurities for rendering the crystalline silicon region 64 
N-type conductive was introduced in a self-aligned manner 
by ion doping (plasma doping) using the gate electrode 
portion as the mask. Phosphine (PH3) was used as the 
doping gas. The dose was from l><l015 to 8x1015 cm- . 5 
Thus, phosphorus was introduced at a dose of, more 
speci?cally, 2><l015 cm“2, while applying an accelerating 
voltage of from 60 to 90 kV, for example. a voltage of 80 kV. 
Thus were obtained N -type impurity regions 67a and 67b to 
form a region for an N-channel TFI‘ (NTFI‘). 
The regions were then annealed by irradiating a laser 

beam. A KrF excirner laser operating at a wavelength of 248 
nm and at a pulse width of 20 nsec was used in the present 
example. However. the type of the laser is not only limited 
thereto, and any other type of laser can be used as well. The 
laser beam was irradiated from 2 to 10 shots per site, for 
example, 2 shots per site, at an energy density of from 200 
to 400 mJ/cm2, for instance, at 250 mJ/cm2. The e?iect of 
laser annealing can be further enhanced by heating the 
substrate in the temperature range of from about 200° to 
450° C. (FIG. 6(D)). 
A 6.000 A thick silicon oxide ?lm 68 was deposited by 

plasma CVD process thereafter as an interlayer dielectric. A 
800 A thick ITO ?lm was deposited thereafter by sputtering, 
and was patterned to provide a pixel electrode 69. Contact 
holes were formed thereafter in the interlayer dielectric to 
establish electrodes with wiring 70a and 70b for the TF1‘ 
using a metallic material, for example, a multilayered ?lm of 
titanium nitride and aluminum. A semiconductor circuit 
(semiconductor device) comprising the TFI‘s in a comple 
mentary arrangement was obtained by ?nally annealing the 
structure at a temperature of 350° C. for a duration of 30 
minutes under a hydrogen gas atmosphere at a pressure of l 
atrn (FIG. 6(E)). 35 
The product yield of the TFI‘ was thus improved by the 

present invention it can be seen that the process according to 
the present invention can be performed free from the limi 
tations on the base ?lm, and enables use of a ?lm deposition 
process suitable for mass production. Thus, the present 
invention is of great use in the industry. 

While the invention has been described in detail and with 
reference to speci?c embodiments thereof, it will be appar 
ent to one skilled in the art that various changes and 
modi?cations can be made therein without departing from 
the spirit and scope thereof. 
What is claimed is: 
1. A semiconductor device comprising: 
a transistor formed in an active semiconductor layer on a 

substrate having an insulating surface thereon, 
wherein the active layer at a periphery of the transistor is 

thermally oxidized to provide a thermal oxide insulat 
ing ?lm to electrically isolate the transistor from 
another transistor. and the active layer of the transistor 
has a crystal growth direction in parallel with the 55 
substrate. 
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2. The device of claim 1 wherein said insulating ?lm is 

provided by oxidation under an oxidizing atmosphere con 
taining water vapor. 

3. The device of claim 1 wherein said insulating ?lm is 
oxidized in an oxidizing atmosphere under a pressure of 
from 1 to '15 atm. 

4. The device of claim 1 wherein the active layer is a 
silicon ?lm having a thickness of 100 to 1500 A. 

5. The device of claim 1 wherein the substrate has a strain 
point of 750° C. or lower. 

6. The device of claim 1 wherein the transistor comprises 
one of a p-channel transistor and an n-channel transistor. 

7. A semiconductor device comprising: 
a transistor with an active layer formed in a non-single 

crystal silicon ?lm on a substrate, 

wherein a thermal oxide insulating ?lm electrically iso 
lating the transistor from another transistor, comprising 
silicon oxide and formed in contact with the side plane 
of the active layer of the transistor, is formed by 
thermally oxidizing the same non-single crystal silicon 
?lm as that of said active layer in the temperature range 
of from 500° to 650° C., and said active layer has a 
crystal growth direction in parallel with the substrate. 

8. The device of claim 7 wherein said active layer is 
provided at a thickness of 1000 A or less. 

9. The device of claim 7 wherein the substrate has a strain 
point of 750° C. or lower. 

10. The device of claim 7 wherein the transistor comprises 
one of a p-channel transistor and an n-channel transistor. 

11. A semiconductor device comprising: 
a transistor with an active layer formed in a non-single 

crystal silicon ?lm on a substrate; 
wherein the transistor is isolated from another transistor 
by a thermal oxide insulator comprising silicon oxide 
provided in contact with the sides of the active layer of 
the transistor, which is formed by thermally oxidizing 
the same non-single crystal silicon ?lm as that of said 
active layer in the temperature range of from 500° to 
650° C.; and 

wherein the active layer and the thermal oxide insulator 
contain a material which exerts a catalytic eifect on 

"crystallization of the non-single crystal silicon ?lm of 
said active layer, and said silicon ?lm has a crystal 
growth direction parallel to said substrate, said crystal 
growth direction initiated by said catalytic effect. 

12. The device of claim 11 wherein said active layer has 
a thickness of 100 to 1000 A. 

13. The device of claim 11 wherein the substrate has a 
strain point of 750° C. or lower. I 

14. The device of claim 11 wherein the transistor com 
prises one of a p-channel transistor and an n-channel tran 
sistor. 


